T he author of this unusual and highly specialised book expresses his empathy for the subject by way of an amusing selfie. This reads: 'Neil Bourne has been studying materials under extreme conditions for his entire career at Manchester, Cambridge, Cranfield and Imperial College Universities and as a distinguished scientist at the Atomic Weapons Establishment (AWE). His forte lies in his deep understanding of materials science, his curiosity and aptitude for Akrology -'the science of the mechanisms operating and the responses resulting in condensed matter loaded to an extreme mechanical state'. Natural Extremes (Chapter 1) and Asteroid Impact (Chapter 9) contain numerous welldocumented accounts of volcanic eruptions, Tsunami tides, solar activity and man-made shock/horror events of all kinds. The sheer enormity of these natural extremes and the follies of Man are nowhere better compared than in section 1.3. The break-up of the Shoemaker-Levy comet, for example, is likened to 20 spheres, each of mass 5.23 × 1011kg and 5 kilometres diameter, impacting on Jupiter at 50 km/s. Said to be equivalent to 448,000 (58 M ton) nuclear blasts set off by the former USSR. All to what purpose, one may ask.
A Basic Analytical Framework (Chapter 2) reveals much about impact and the propagation of shock waves, albeit there are many relatively advanced equations, quoted without derivation, which have to be taken on trust. Central to the study is the Hugoniot curve, which is constructed from two variables chosen from: shock velocity, particle velocity, density, stress/ pressure, and/or specific internal energy. These curves, we are told, define: 'all possible final states that can be attained by a single shock wave passing into an initial state'.
Platforms to Excite Response (Chapter 3) begins with a recap of scientific method, followed by a statement of intent: to investigate material behaviour over as large a pressure/ thermal/ mechanical/electronic/magnetic range as possible. To this end numerous items of apparatus are described, ranging from nanosecond pulsed laser shock loaders to various launcher guns, capable of delivering projectiles at velocities up to 4500 m/s. The author set his sights on: pressures up to 1 T Pa and temperatures up to 10,000° K. Femto second events are also mentioned.
What needs to be measured and how is covered on a wide front in Tools to Monitor Response (Chapter 4). Substitute Instruments for Tools and one is more likely to appreciate measurement as a precise/accurate and delicate operation, which entails: sensing, observation, capture/imaging interpretation and validation of data. All these requirements are expertly treated here. Suffice to mention: Dynamic X-ray diffraction, spectroscopy, X-ray microtomography, particle accelerated imaging and Neutron/Proton radiography as examples of the sophisticated 'tools' and techniques used.
Metals, Chapter 5, begins with a brief examination of the periodic table, its divisions and subsequent metallurgical developments. The author's interest in shock loading is traceable to the fact that many metals exhibit: 'greater strength as the rate of rise of the loading pulse increases'. The applicability of the fourth power law, α σ4, is discussed. The remaining text covers: shock compression in FCC, BCC, HCP metals; shear stress through the shock front; shocked microstructures; Ramp/Taylor waves; Spallation/Nucleation and the growth of damage. In common with other chapters the text is awash with small-scale graphs and micrograms.
In Brittle Materials (Chapter 6) the author acknowledges that our understanding of the way brittle materials, such as amorphous glasses and polycrystalline ceramics, respond to extreme forms of loading, is largely qualitative and insufficient to construct accurate constitutive models. Nevertheless the author does suggest numerous procedures whereby our understanding may be advanced. It is known, for example, that brittle materials fail in microscopic compression, when it is generally the case that the microstructure fails by fracture, at microscopic defects, initiated by mesoscale tension. The author has devoted much thought to these matters and it is possibly here that researchers, new to the field, should start.
Polymers (Chapter 7) are described as: 'a class of amorphous solids with varying degrees of order to their microstructure', the exact nature of which depends on how they are produced. The resulting thermo/ mechanical/electrical characteristics of at least 14 common monomers are examined, of which PVC, PTFE, PEEK and Epoxy are the most common. See fig 7.1 for help with all other abbreviations. In common with other chapters the main emphasis is on the effects of shock polarisation, high strain rates, dynamic compression and the equation of state.
Energetic Materials (Chapter 8) are defined as substances containing large amounts of chemical energy, which may be released, at will or accidentally, by impact, pressure or transient heat. Numerous examples of accidental detonation are cited; the most tragic event being the loss of 2,000 lives and 9,000 injured, when a munitions ship collided with another in 1917. The main body of text is, however, technical and charts the development of explosives from the first gunpowder, produced by the Chinese -ninth century AD, to Nitroglycerine, trinitrotoluene, (TNT) and TORPEX (TNT + AL) sensitive to sea water and used in torpedoes. Explosives, section 8.7, is highly informative but may not be to everyone's taste.
With the exception of section 9.6 on Responses of Materials to Extreme Dynamic Loading, the greater part of Asteroid Impact (Chapter 9) is devoted to ancillary issues. Quasistatic buckling of a thin-walled tube and shoring up Salisbury Cathedral (c. 1320) are irrelevant distractions. One has in fact to read 24 pages before the promised asteroid strikes and even then the mass extinction of plants and animals precedes the morphology of craters and details of their worldwide distribution.
The author concludes his presentation adding Appendices: A, Relevant topics from Materials Science, reads as a 'catch up' afterthought. Appendix B, a glossary, is useful and Appendices C and D covering Elastic Moduli equations and shock relations and constants, more so. There is an extensive bibliography and an index, which is far from comprehensive.
The text is intense and highly original and has previously been described as 'an in-depth must have reference', suitable for all with an interest in the dynamic response of materials. ISBN 978-1-62410-197-7. G lobal Aeronautical Communications, Navigation and Surveillance (CNS) is a very important subject in the modern world as it enables safe, cost effective, secure air travel. The American Institute of Aeronautics and Astronautics (AIAA) series on this subject is a 2 volume set covering theory and applications. The books are part of the AIAA Education Series and are aimed at University undergraduate and postgraduate students although they would easily double as an excellent reference.
Global
The scope of these books is comprehensive with the majority of the focus on current and future civil systems. The series approaches the subject of CNS from the communications perspective. So, for example, the discussion of navigation is limited to satellite-and communications-based systems with little or no coverage of inertial, dead reckoning and other methods. However, the reader of a book such as this is probably not looking for that material. The second volume of the series is the main subject of this review but it is recommended that the reader is familiar with the theoretical concepts explained in Volume 1 before reading this volume on applications.
There are 5 chapters in Volume 1, beginning with an introduction, followed by descriptions of the space segment, transmission systems and airborne antenna systems before ending with the real world challenges of propagation and interference.
Volume 2 is a comprehensive description, review, discussion and comparison of the various CNS systems in use and in development today. It is divided into 7 chapters that describe the current systems (Inmarsat, distress and safety satellite systems, emergency satellite beacons, Low Earth orbit (LEO) systems Globalstar/Iridium, Global Broadband Satellite System (GBSS) et cetera) and many exciting new developments including Regional Satellite Augmentation Systems (RSAS) and wireless systems that will use constellations of aircraft and airships equipped with transponders and large antenna systems. Two elements that will be very useful, even to those in the field, are an excellent index and a comprehensive list of abbreviation. This is very useful in a subject which has so many specialist terms and acronyms.
Dr Geoff Henderson CEng, MIET
Orbital Mechanics and Formation Flying: a Digital Control Perspective P. A. Capo-Lugo and P. M. Bainum Woodhead Publishing, 80 High Street, Sawston, Cambridge, CB22 3HJ, UK. 2011. 402pp. Illustrated. £145. ISBN 978-0-85709-054-6. I read this book with interest, hoping to find in it an updated version of the classic Modern Spacecraft Dynamics and Control (John Wiley & Sons. 1976 ) by M. H. Kaplan, which after almost 40 years, is not so modern anymore. Like in Kaplan, this book covers orbital motion, attitude motion and control theory, but with a 'digital control perspective'. Interestingly, the subtitle is different in the third page, becoming 'digital control approach'.
After a very brief introduction, the book opens with the classical orbital dynamics of the rigid body, with the derivation of the equations of motion in the two-body problem and its parameters (Chapter 2). This is followed by Chapter 3, stating (without derivations) Lagrange's equations for the variation of orbital elements and introducing some of the disturbance forces. Surprisingly, and somehow distracting for the reader, a very detailed analysis is done for the solar radiation pressure, including the study of the relatively complicated geometry of a cylinder.
The following Chapter 4 introduces frame rotations, Euler angles and quaternions (using the mathematical and abstract algebra of hypercomplex numbers, while engineers might be more familiar with 4-component vectors), leading to the Euler equations of attitude motion for a rigid body in Chapter 5. Surprisingly, a rocket with several different and steerable thrusters is selected as an application example, instead of a spacecraft. Moreover, the unnecessary number of different thrusters and the tedious trigonometry needed for describing their geometry and characteristics make the equations overcomplicated and take the reader's attention away from what the problem really is. The following Chapter 6 is an overview, with various levels of depth, of some environmental torques acting on a spacecraft and some of the actuators used. The chapter is unfortunately rich in vague or incomplete statements on the effect of these perturbations, for example: 'for a satellite weighting 133kg, a magnetic dipole moment of 0·03A/m can cause approximately 1·58 degrees of attitude error', but nothing is said about the orbit or moments of inertia of the spacecraft.
Chapter 7 is a lengthy chapter on continuous and digital control systems, however it is far from being complete. I have the impression that if the reader did not know about control theory, they would not be able to learn from this very practical and example-based chapter. For example, the description of the linearization process of a system is very approximate and based on heuristic rules (substitute sine with x, cosine with 1, and if two sines are multiplied, they can be neglected). The same happens when the Laplace transform is introduced. A more traditional, and rigorous, approach based on taking the derivatives, would have been preferable, even in an engineering book. Discrete systems are also introduced in this chapter, however in a concise form, contrary to what is expected from the title of this book. This chapter also gives a general overview of several optimal control techniques, none of which are studied in detail; references are provided for the interested reader, but a gap is left nonetheless.
Chapter 8, simply titled 'Example', shows in fact several applications of optimal control to specific instances of problems. Despite no real discussion on the selection of weights and gains being given, a good variety of numerical results are shown.
Formation flying (proximal motion) equations are introduced in Chapter 9, for the general case of eccentric reference orbits (Tschauner-Hempel model) and in the same chapter some discrete controllers are applied to specific instances and numerical results are shown.
Chapter 10 deals with the deployment of a constellation. This chapter largely relies on the use of impulsive Delta-v manoeuvres, which however were never introduced previously. The final Chapter 11 of the book introduces an adaptive controller based on fuzzy logic, but again the description of this methodology is very brief and obliges the average reader to go elsewhere, leaving the second part of this chapter as a display of some numerical results of a specific application on which the authors have worked in the past.
As final remarks, the authors state in the introduction that the text shall be used by practicing engineers and that other texts provide a deeper theoretical background. Certainly the book has a strong example-based approach: the authors mention the concept of 'learn by practicing', but my feeling is that the numerical examples shown are not sufficient for the inexperienced reader, because mainly of lack of generality and discussion. Also, due to the general lack of rigour, example-based approach and variable level of depth, I discourage the use of this book as a textbook or as a first book in orbital dynamics or control. Instead, it can provide an overview of possible space applications to the already experienced engineer.
Regarding the 'digital control perspective', there are so many aspects of digital control, and in particular design by emulation, that are interesting, but are not covered with enough detail in this book, if at all: introduction of holds, pole placement techniques, stability of discrete equivalents and others. Due to the absence of discussion, the fact that the discrete version of the controllers are used throughout the book does not make a difference to what would have been a discussion with a continuous-time approach.
The book is rich in good references (including recent journal papers) and if the reader is ready to read further, the book can be used as a starting point on the subject. T he design and construction of pressurised fuselage shells, comprising a skin joined longitudinally and/or laterally by lap joints and supported by shear tie frames and/ or stronger clip connections, typical of Boeing aircraft, is admirably presented in Chapter 1. Worthy of note is the high quality of illustrations, which zoom in on typical builds and show every detail. Under the heading loading conditions for a longitudinal lap joint the authors explain how in an unstiffened pressure vessel a tensile hoop stress, twice the longitudinal stress, is set up. Hence it is the longitudinal joint that is likely to be the more critical. The simple membrane equation is quoted, but soon usurped by a much more complex equation, developed by Flugge in 1952, which is applicable to stiffened pressurised fuselages. 'Bonded and RivetedBonded Lap Joints' are briefly discussed in Section 1.3.
In Chapter 2, the fatigue behaviour of longitudinal lap joints in a pressurised fuselage are compared with those obtained from laboratory tests. The effect of circumferential and longitudinal pillowing in an actual fuselage is examined experimentally and by finite element analysis (FEA). The effect of load frequency and environmental conditions is followed up in Section 2.2. It is, of course, well known that production variables influence fatigue behaviour and this topic is extensively covered in Chapter 3, by far the longest chapter in the book. 'Sheet Material', Section 3.1, is the obvious place to start, and begins with a quality assessment of the two most widely used aluminium alloys: 2024 T3 and 7075 T6, clad and unclad, together with equivalent East European/Russian equivalents. One important point to note is that fatigue performance is sometimes influenced by the source of supply and no less important is the fact that crack propagation life is stated to be about 40% longer when the material is loaded in the rolled direction. Another important revelation is that long term aging over forty years increases crack growth rate by a factor of 1·5 times that likely to occur in a twenty year old aircraft. Unformed and formed fastener types are discussed in Section 3.2, where material specifications to MIL-HDBK-5H and also given. Numerous S-N fatigue curves for joints dating from 1954 to 1992 are included. Section 3.3 'Manufacturing Process' is fifty-seven pages long and is far too detailed for justice to be done in a short review. Suffice to say that every aspect of riveting practice is covered, with seventysix numbered figures supplied to show how riveting is done.
In 'Design Parameters influencing the Fatigue Behaviour of Riveted Lap Joints' -Chapter 4 -the authors identify seven geometric parameters that influence static and fatigue life of single and double lap joints. These are: 1) Number of rivet rows; 2) Rivet spacing; 3) Rivet pitch; 4) Edge distance; 5) Rivet pattern; 6) Sheet thickness; 7) Size effect. Every one of these influential choices has been examined independently using representative test pieces in the laboratory. It is perhaps odd that squeeze force has not been included in these studies as parameter number 8: but the effect of friction between plates and squeeze force is adequately covered later, see pages 137-140. Although no definitive optimal conclusions are drawn from these studies, a few observations relating to standard practice are recorded in the final summary. There it is stated that: 'a typical longitudinal lap joint consists of three rivet rows, though double and four row configurations are also used'. It is also claimed that rivet pattern (namely zigzag or in-line) does not affect the fatigue life.
The theoretical aspects of Load Transfer, considered in Chapter 5, are a step up from the simple quasi rigid explanations found in most elementary texts. The opening words of Section 5.1 read: 'Axial forces in sheets can be calculated by considering the displacement compatibility in the over-lap region of the joint'. Therein lies the difference. Nevertheless, sound though the approach may be, it is admitted on page 117 that: 'Discrepancies between the solution presented and the actual distribution in a lap joint may stem from various simplifications involved in the computation procedure' ie the contribution of friction between plates is neglected, leading to an over estimate of rivet deflections. Even so the method described is said to be valid for the purpose of making qualitative assessments. Fastener flexibility, Section 5.2, is a particularly difficult effect to calculate accurately (another issue not considered in elementary text).
The phenomenon of secondary bending caused by load off-sets and/or by the joining of skins of different thickness, is well-covered in Chapter 6. Analytic models are created and finite element analyses applied and compared with experimental findings. In-situ measurements taken from an actual fuselage structure when operating under service loading conditions are presented. By the end of Chapter 6, virtually all aspects relating to best practice and preferred geometries have been addressed and it is time to consider failures resulting from cracks. Chapter 7 'Crack Initiation Location and Crack Shape Development in Riveted Lap Joints -Experimental Trends' covers both static and fatigue situations. Most readers of this book will have used static strength tables based on sheet thickness/rivet diameter ratios and probably know already that: at low t/D ratios bearing failures tend to occur, whereas at high t/D ratios failures due to rivet shear are more likely. Failures are however also sensitive to: rivet pitch/rivet diameter, ratio, as the authors point out. Squeeze force, fretting, cladding, anodizing and corrosion effects are also relevant.
The destructive power of multiple-site damage (MSD) is emphasised in Chapter 8, where several previously published examples of catastrophic failure are given. These include: a JAL Boeing 747 which suffered a violent decompression, caused by failure of its rear pressure bulkhead in 1985. This study is of particular interest, since the bulkhead had been previously damaged and repaired. Another example refers to an Aloha Boeing 737 accident report, which describes how a huge chunk of upper forward fuselage blasted off from the body of the aircraft, in 1988.
These real life examples are followed by a wide range of laboratory studies, far too numerous to record them all. One MSD/SSD study investigates how many pressure cycles a wide body (127 in rad) and a narrow body (74 in rad) fuselage panel can stand. Another study examines the effect of a typical 2:1 biaxial pressure cycle applied to a Fokker F28 fuselage. Other studies include how fuselage design affects multi-site damage in both virgin and repaired aircraft. One method of remedial repair, introduced in 1987, is fittingly called 'terminating action'.
As one might or might not expect 'Predictions of Fatigue Crack Growth and Fatigue Life for Riveted Lap Joints' -Chapter 9 -begins by dismissing ordinary linear elastic fracture mechanics theory as inadequate. Not good for calculating lap joints, we are told. Far, far better to apply various specially developed models, codes and software, which are now available and in common use. Three or four software packages are recommended in Section 9.2. One such recommendation is 'Equivalent Initial Flow Size' (EIFS) which is compatible with the 'Basic Stochastic Input Data' requirement followed in aircraft structural risk and reliability analysis. More on multi-site damage and fatigue life prediction of lap joints follows.
'Residual Strength Predictions for Riveted Lap Joints in Fuslage Structures' -Chapter 10 -provides a need to know account of various methodologies used to predict residual strength and safe passage. When dealing with multi-site damage line-up it is recommended that allowing the skin to flap at tear strap locations is a sure way of preventing explosive decompression. In the context of Elastic-Plastic Fracture Mechanics (EPFM) the J-integral resistance curve and the Crack Tip Opening Angle (CTOA) methods of analysis are much in favour. Under the heading Crack Growth Direction the topic MSD is given further exposure, by way of fatigue tests carried out on a retired Boeing 737. 'Computational Issues' -Section 10.4 -includes many references to commonly used codes, while the hierarchical modelling method receives special mention. In line with other chapters numerous comparisons between observed and predicted effects are studied and 'Structural Risk Analysis' -Section 10.7 -concludes a most interesting and valuable treatment. Thirteen close packed pages of references spanning the years c1954 -2012 add significantly to the authors' contribution.
This is yet another fine book from the publishers Solid Mechanics and Applications series. It is by today's standards a relatively slim tome of 330 pages and the only downside is it costs £108. UK, 2012. 481pp. Illustrated. £80. ISBN 978-0-521-80678-7. I n the Preface to this book, the author tells us that 'Computational Aeroacoustics (CAA) is not the same as Computational Fluid Dynamics (CFD). In fact CAA faces a different set of computational challenges, because aeroacoustics problems are intrinsically different from standard aerodynamics and fluid mechanics problems'. This is undoubtedly true, and the author, Chris Tam, has made a significant contribution to addressing these challenges and progressing the art of computational aeroacoustics over the last couple of decades.
The book is arranged in fifteen chapters. The first seven of these introduce us to the fundamentals required for putting together a CAA solver. We are introduced to finite-difference equations in the first chapter. In the second we are taken through spatial discretisation and the derivation of an optimised scheme in wave-number space. Discretisation in time is considered in Chapter 3. Numerical dispersion and dissipation as a consequence of discretisation is then discussed in detail in Chapter 4. As the author points out, 'Invariably, finite difference approximation of the governing equations of acoustics will result in a dispersive wave system… This is an extremely important point and should be clearly understood by all CAA investigators'. Finite difference solution of the linearised Euler equations and the derivation of a stable dispersion-relation-preserving scheme is considered in Chapter 5. In Chapter 6 radiation, outflow and wall boundary conditions are derived. Chapter 7 considers the need for damping the spurious 'short waves' which arise when central finite difference schemes are used.
The remainder of the book is dedicated to more advanced topics. Nonlinear waves are considered in Chapter 8. More advanced boundary treatments are considered in Chapter 9. In Chapter 10 a time domain impedance boundary condition is derived with application to acoustic liners. Optimised extrapolation and interpolation by Legrange polynomials is discussed in Chapter 11. Chapter 12 considers the handling of the interface where a change of mesh density occurs, while Chapter 13 considers the handling of complex geometries using overset grids, including sliding grid interfaces. Chapter 14 discusses the extrapolation of the near-field solution to the far field using an adjoint Green's function. Finally, Chapter 15 considers the design of CAA codes for a particular purpose, illustrated by some practical examples.
The book tends to focus somewhat on the author's own accomplishments and it would have been more complete if it had included at least a summary of other approaches. However, the text is well written and easy to follow, and concepts are explained clearly with worked examples. There are exercises at the end of each chapter, though provision of model solutions would have made them more useful for selfstudy. The book meets its aim of being both a good introduction to the topic and a reference for researchers. No prior knowledge of numerical methods is assumed, though the reader should be familiar with partial differential equations and basic numerical analysis. The appendices include Fortran listings of some sample codes.
